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Abstract 
This paper presents the results of a preliminary assessment towards the potential estimation of solar process heating 
in paper industry in India. To begin with, data for (i) classification of paper mills on the basis of size and feedstock 
used (ii) extent of cogeneration in paper mills (iii) annual paper production (feed stock wise) (iv) specific thermal 
energy requirement for process heating etc. have been collected. Annual process heating requirement for paper 
production (based on feed stock used) in paper mills in India has been estimated. Availability of adequate solar 
resource in different states of the country was assessed for potential estimation. Some commercially available solar 
collectors that can supply heat at required temperature of paper industry (50-2500C) have been selected and an 
assessment of their performance has been made. Majority of paper mills in India those are using agro residues and 
recycled fibers as raw feedstock are located in the states with adequate DNI availability (1900kWh/m2). Annual 
process heating potential for the paper industry in India has been estimated at 43 PJ. 
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1. Introduction 
Paper industry in India accounts for about 2.6% of the world's production of paper. Although, per 
capita consumption of paper in India is around 9.5 kg, which is significantly lower than world average of 
around 58 kg (even the average consumption in Asia is 21kg) [1]. However, an increasing trend of paper 
consumption has been observed in the recent past. Paper Industry in India ranks 6th in term of gross 
energy consumption while three types of raw materials namely wood (31%), agro-residues (22%) and 
recycled fiber (47%) are used in the paper mills in India. Past trend of paper production and per capita 
consumption in India is presented in Table 1 [1]. 
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Table 1. Time trend of annual production and per capita consumption of paper in India 
Year Paper production 
(million tons) 
Per capita paper  consumption (kg) 
1950 0.11 0.9 
1970 0.75 1.9 
1990 2.43 3.6 
2000 4.87 5.5 
2006 6.8 6.7 
2007 8.3 8.3 
2010 10.11 9.3 
 
At present fuel mix in paper industry in India comprises mainly of coal, petroleum fuels, biomass and 
electricity with the first two providing more than 68% of the total final energy consumption [2]. It is 
desirable to reduce fossil fuel consumption while meeting the increasing energy demand of paper 
industry. This may have the twin benefits of reduced consumption of fossil fuels and lowering of 
greenhouse gas emissions. A reduction in the consumption of fossil fuels in the  paper industry in India 
can be achieved by (i) improving the efficiency of fuel utilization and (ii) substitution of fossil fuel by 
harnessing renewable sources of energy area in suitable processes and end use. While energy efficiency 
improvements are necessary and would provide substantial benefits in the short run, harnessing of 
renewable energy sources to meet the energy demand of paper industry can provide multiple benefits for 
the Indian economy for the long term. 
Paper industry primarily consumes energy in two forms-electrical and thermal. A major fraction (75%) 
of energy used in paper production is essentially for process heating at low and intermediate temperatures 
(50-2500C) [3].  In a typical paper mill, processes such as pulping, drying, bleaching and washing (using 
hot water), boiler feed water heating etc. require most of the process heat.  This heat is transferred through 
a heat transfer medium that could be water, steam, air or thermic oil based on specific process 
requirements. Typical paper manufacturing processes with corresponding required temperature and 
medium are presented in Table 2. With the use of state of the art technologies, solar energy can be 
efficiently harnessed to provide heat at required temperatures (below 2500C) with or without integration 
with conventional fossil fuel based process heating systems. 
 
 Table 2.  Processes with corresponding temperatures and media required in a paper   industry 
Typical  process(es)  Required temperatures (0C) Medium 
Bleaching 120 – 150 Water 
De-linking 60 - 90 Steam 
Paper drying 90-200 Air, Steam 
Pulp preparation 120 - 170 Pressurized hot water 
Several Studies have been reported in the literature that deal with the potential of SIPH in paper 
industry. [4-6]. In the context of India, a study   carried   out by GIZ estimated a potential of 1.88 PJ per 
annum [6]. However, the study was limited to low temperature process heat applications such as hot 
water generation and boiler feed water heating only and did not consider  use of solar energy to meet 
process heating demand (through steam generation) at higher temperatures. Also the solar resource 
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availability in different states having paper industries and the possibility of cogeneration etc. have not 
been included in this study. In view of the above, a preliminary attempt to assess the potential of solar 
industrial process heating in paper industry in India has been made in this paper. 
2. Methodology 
The paper mills can be classified in terms of their size and or in terms of the feedstock used for paper 
production (Table 3).  Large paper mills and paper mills using wood as feed stock (since usually their 
capacity is very large often use cogeneration to produce electricity as well as process heat). Therefore, in 
this study,   large paper mills as well as paper mills using wood as feedstock have not been considered for 
SIPH. 
   
Table 3. Classification of paper mills in India. 
Basis of Classification  Details  Comments pertaining to SIPH  
 
 
Feed Stock  
Wood  Since cogeneration is practiced therefore SIPH 
is not relevant  
Agro-residues 
Recycled Fiber (RCF)  
 
Potentially suitable for SIPH  
 
Size ( tons per annum) 
Large (>33,000  cogeneration is often practiced therefore SIPH is 
not relevant  
Medium (16500-33000) 
Small (< 16500) 
Potentially suitable for SIPH  
 
To estimate the potential of solar industrial process heating in remaining paper mills in India, the 
following methodology has been adopted.  
To begin with, detailed study of paper industry in India is carried out and data for various aspects such 
as (i) Classification of paper mills on the basis of size and feedstock use (ii) Practice  of cogeneration in 
paper mills (iii) Annual paper production (raw material wise) (iii) specific thermal energy requirement for  
process heating etc. have been collected [7-8].  
Based on the data on annual production (State wise) and specific thermal energy requirement of paper 
production (feedstock based), the total useful thermal energy requirement for paper production in most of 
the states of India have been made.  
In the next step, in  the states with maximum share of paper production  a few  locations with clusters 
of paper mills have been identified and solar radiation (Direct Normal Irradiance (DNI)  availability at 
identified locations have been obtained [9] and were used to estimate an average value of DNI for each of 
the state. The states with annual average DNI value of more 1900 kWh/m2/annum (threshold value of 
annual DNI assumed in this study) have been considered as suitable for SIPH. Of course, depending upon 
the chosen threshold value of annual DNI, the number of paper mills suitable for SIPH would change.  
In the final step, some commercially available solar collectors that could provide process heat at 
required temperature range (50-2500C) in paper industry were selected [10-14] and an attempt to estimate 
their instantaneous efficiency on the basis of their performance equations was made for the required 
process heating temperatures of paper industry. 
3. Results and Discussion  
 Ashish K. Sharma et al. /  Energy Procedia  79 ( 2015 )  284 – 289 287
Using the methodology presented in the above section, an attempt to estimate the potential of SIPH in 
the paper industry of India has been made and typical results are presented in this section.   
Details of paper production and thermal energy requirement in paper mills located in different States 
of India are presented in Table 4. The paper mills using agro residues and recycled fiber as feed stocks 
produced 4.82 million tons of paper in the year 2010-11.The annual thermal energy requirement of paper 
production in these mills is estimated at 56 PJ. Annual average DNI availability as estimated from the 
procedure outlined above is also given in Table 4. 
Table 4. Annual thermal energy requirement of paper production and average DNI availability   in different States of India having 
clusters of paper mills.   
State  Annual paper production 
(tons per annum) 
Thermal energy requirement 
(PJ/annum) 
Estimated value of 
average DNI  
 Agro-residues  RCF  Agro RCF ( kWh/m2/annum) 
Andhra Pradesh  61057 257300 1.22 2.35 1930 
Chhattisgarh 6600 36100 0.13 0.33 1770 
Gujarat  969030  0.85 2036 
 Haryana 27850 63800 0.56 0.58 1945 
Karnataka  126200  0.15 1790 
Kerala  71450  0.65 1870 
Madhya Pradesh 20350 152640 0.41 1.39 1976 
Maharashtra 74100 742390 1.48 6.78 2014 
Orissa  25800  0.24 1664 
Pondicherry  8200  0.07 1715 
Punjab 146780 249620 2.93 2.28 2013 
Rajasthan 5380 15930 0.11 0.15 1985 
Tamilnadu 132160 260875 2.63 2.38 1710 
Uttar Pradesh 475300 308600 3.22 3.89 1960 
Uttrakhand 75390 113330 9.47 2.82 2052 
Total  1,111187 3713595 22.14 33.91  
 
In the states with annual average   DNI availability of more than 1900 kWh/m2/annum or more, the 
agro residues and recycled fiber based paper mills produce 3.86 million tons of paper and the 
corresponding thermal energy requirement for process heating is   estimated at 43 PJ. It is worth 
mentioning that a major share of paper mill clusters in India that use agro residues and recycled fibers as 
raw feedstock are located in the states with adequate DNI availability (1900kWh/m2).  The potential of 
SIPH in the paper mills of some of the states is presented in Figure 1.  
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Fig. 1. SIPH potential in paper industry in India 
Five different collector models certified by various certification agencies were considered along with 
their respective efficiency expressions. In efficiency estimation of flat plate collector (FPC) and 
evacuated tube collector (ETC)  global horizontal irradiance ( GHI at 700W/m2)  was taken whereas, in 
case of concentrating collectors (Parabolic trough (PT), compound parabolic (CPC)  and Arun 160) direct 
normal irradiance (DNI at 700W/m2 ) was considered. Results obtained are presented in Table 5. 
Table 5. Solar collectors with performance characteristics and corresponding efficiency estimation 
 
դi = Instantaneous efficiency, Ti = Feed water inlet temperature in 0C, Ta = Ambient temperature 0C, Tm 
= Arithmetic mean of inlet and outlet temperatures 0C, G = Global Horizontal Irradiance W/m2, I = Direct 
Normal Irradiance W/m2 
Solar 
collectors  
Operating 
temperature      
(0C) 
Example of matching   use in   
paper industry 
Efficiency   Equation  
(With Parameters) 
Tm / Ti դi (%)             
Flat plate 30-100 Hot water generation for pulp 
making  and boiler feed water 
heating 
դi = 0.744-3.67070*(Ti-Ta/G) -
0.00543* ( Ti-Ta)2/G 
50 63 
  
Evacuated 
tube  
50- 200 Hot water generation for pulp 
making  and boiler feed water 
heating 
դi = 0.62- 0.395 × ( (Ti-Ta / G ) - 
0.002* (Ti-Ta )2 / G 
50 59 
Compound 
parabolic 
concentrator 
60-240 Steam Generation  դi = 0.644 – 0.749*(Tm –Ta)/I * 
0.005*(Tm –Ta)2/I 
120 45 
Parabolic 
trough 
60-300 Steam Generation դi = 0.741- 0.00017 -(Tm-Ta/I )-
0.00088*(Tm-Ta)2/I 
120 55 
Arun 160 Up to 200 Steam Generation դi = 0.65-0.4X, X=(Tm-Ta)/I 120 60 
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4. Concluding Remarks  
Results of the preliminary assessment made in the study reaffirm a large potential of using solar energy 
for meeting the requirement of process heating in paper industry in India. Major share (3.86 million tons 
per annum)  of paper mill clusters in India that use agro residues and recycled fibers as raw feedstock are 
located in the states with adequate DNI availability (>1900 kWh/m2). Annual SIPH potential in paper 
mills corresponding to these states is estimated at 43 PJ. Using the performance characteristics of 
commercially available solar collectors, it is found that several of these can be used to meet the process 
heating requirements of paper industry with reasonably high efficiencies.  
 
References 
 
[1] Tripathi JG. Study of India’s Paper Industry- Potential and Growth in 21st Century. Indian Journal of Applied Research 2014; 5 
(4), 112-115. 
[2] IEA. Energy Transition for Industry India and the Global Context. Information Paper. International Energy Agency, Vienna. 
[3] Kalogirou S.  The potential of solar industrial process heat applications. Applied Energy 2003; 76 (4), 337-361. 
[4] Claudia V, Battisti R, Drigo S. Potential of Solar Heat for Industrial Processes. Solar Heat and Cooling Program Task 33 (IV) of 
International Energy Agency Vienna 
[5] Lauterbach C. Schmitt B, Jordon U, Vejen, K. The Potential of Solar Heat for Industrial Processes in Germany. Renewable and 
Sustainable Energy Reviews 2012 ;16, 5121-5130. 
[6] GIZ. Identification of Industrial Sectors Promising for Commercialization of Solar Energy in India. 2011.  
http://mnre.gov.in/file- ComSolar.pdf.     
[7] CII. Technology Compendium on Energy Saving opportunities in Pulp and Paper Sector, Report of Confederation of Indian 
Industry (CII), New Delhi.  
[8] IARPA. In Paper Directory of Indian Paper Manufacturer and Allied Industry 2011 ; 676 (058) IND ACC- 10244. 
[9] Atmospheric Science Data Centre, NASA. https://eosweb.larc.nasa.gov. 
 [10] Glazed Flat Plate Collector, Certification Number: 011-8S683R (2011). The Solar Keymark database. http://www.solarkey.dk/ 
[11] Evacuated Tube Solar Collector, Certification number: 2010082D (2011). Solar Rating and Certification Corporation 
http://www.solar-rating.org  
[12] Compound Parabolic Collector, Certification Number: 011-7S380R (2011). The Solar Keymark database. 
http://www.solarkey.dk/ 
[13] Parabolic Trough Collector, Certification Number C1549 (2012). Solar Collector Factsheet.  http://www.solarenergy.ch/home. 
[14] Bhosale S J, Kedare S B, Nayak J K. Performance of ARUN160 Concentrating Solar Collector Installed at Latur for Milk 
Pasteurization. SESI Journal 2008; 18 (2): 23-31. 
 
